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Background: The authors present a case of cervical myelopathy and radiculopathy in the setting of multiple
Klippel-Feil syndrome abnormalities treated surgically with a single-level C3–C4 anterior cervical discectomy and
fusion. We discuss the clinical presentation, radiographic findings, and various treatment options for cervical spine
abnormalities in Klippel-Feil syndrome.
Case Presentation: This 22-year-old female with Klippel-Feil syndrome presented with intermittent neck pain, left
upper extremity weakness, and paresthesias. Preoperative MRI, CT, and X-rays of the cervical spine revealed
anterolisthesis at C3/4 with unstable movement on flexion and extension imaging. In addition, there were multiple
segmental fusion abnormalities including hemivertebrae and other congenital fusion abnormalities. A C3–C4
anterior cervical discectomy and fusion was performed with intervertebral disc spacer. Adequate decompression
was achieved with postoperative resolution of the patient’s symptoms and improvement in neurological exam.
Conclusions: Single-level anterior cervical discectomy and fusion can be utilized for treatment of cervical
myelopathy and radiculopathy in the setting of multiple congenital Klippel-Feil syndrome abnormalities.
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Klippel-Feil syndrome (KFS) is a rare disorder character-
ized by the congenital fusion of cervical vertebrae [1–3]
and affects anywhere from 1 in 40,000 to 50,000 live
births [4, 20]. KFS is a heterogeneous condition present-
ing with an array of skeletal/extra-skeletal manifestations
[1, 4–9] and is best known for the classical syndromic
triad, found in approximately 50 % of patients, consist-
ing of short neck, low posterior hairline, and restricted
range of cervical motion [4]. Traditionally, KFS was
believed to clinically manifest in adulthood due to the
delayed affects of congenital vertebral fusion. However,
more recently, studies have found that up to 50 % of
young KFS patients experience cervical-spine-related
symptoms [1, 10, 11]. Given the heterogeneity of pheno-
typic expression, the prevalence of KFS may in fact be
higher than has previously been reported [1, 4, 7].* Correspondence: jsherman0620@gmail.com
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article, unless otherwise stated.The abnormal fusion of cervical vertebrae predisposes
those with KFS to neurologic injury due to altered spinal
biomechanics, producing an increased likelihood of hy-
permobility, spondylolisthesis, degenerative changes, and
spinal stenosis [12–14]. Early recognition and diagnosis
of KFS is required in order to provide precautionary
guidelines and proper nonsurgical or surgical manage-
ment. Here we present a case of cervical myelopathy
and radiculopathy in a 22-year-old with Klippel-Feil syn-
drome with hypermobility at C3/4 treated surgically with
an anterior cervical discectomy and fusion.
Case presentation
A 22-year-old female with a history of Klippel-Feil syn-
drome was referred to our neurosurgical clinic for evalu-
ation of intermittent left-sided neck pain and forearm
paresthesias. Over the past year and a half, she had expe-
rienced rare left upper extremity paresthesias, but her
symptoms acutely worsened while walking a dog that
pulled abruptly on the leash in her left hand. Following
this incident, she experienced transient left upper ex-
tremity paresthesias, weakness, and occasional neck pain
that worsened with leftward axial rotation of the neck.le is distributed under the terms of the Creative Commons Attribution 4.0
ns.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
give appropriate credit to the original author(s) and the source, provide a
indicate if changes were made. The Creative Commons Public Domain
.org/publicdomain/zero/1.0/) applies to the data made available in this
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Hoffman’s sign but was otherwise neurologically intact
with full strength in all four extremities. MR imaging
was obtained, which demonstrated a cervical kyphotic
deformity, central canal stenosis with cord signal
changes, and foraminal narrowing with right disc protru-
sion at the level of C3–C4 (Fig. 1). CT revealed multiple
segmental abnormalities with fusion anteriorly of the
atlas and the occipital condyles, along with fusions at
C1–C2, C2–C3, C6–C7, C7–T1, and T1–T2. A left T1
hemivertebra, rudimentary right C7 cervical rib, and
fusion of right T1 and T2 ribs were also noted (Fig. 2).
Flexion and extension films showed hypermobility with
approximately 4 mm of anterolisthesis of C3 on
C4 (Fig. 3).
Surgical technique
The patient underwent surgical treatment with an anter-
ior cervical discectomy and fusion at C3–C4. The pa-
tient was positioned supine on the operating table and
placed under general anesthesia. Traction was not uti-
lized during the operation. The initial anterior surgical
exposure was performed, undercutting the platysma inFig. 1 Preoperative MRI of the cervical spine without contrast
demonstrates a kyphotic deformity, congenital narrowing of the
spinal canal at C3–C4 and C5–C6 with compression of the thecal
sac, and mild indentation of the anterior cord
Fig. 2 Preoperative CT of the cervical spine without contrast reveals
segmentation abnormalities and fusion of multiple cervical and
thoracic vertebrae, including fusion of C1–C2 (dens), C2–C3, C5–C6,
C6–C7, C7–T1, and T1–T2the cephalad and caudad directions to expose the under-
lying strap muscles medially and the sternocleidomastoid
laterally. A nonlipped Cloward was used to dissect the
strap muscles medially. The dissection plain was then
carried downward towards the anterior longitudinal liga-
ment, identifying the carotid artery laterally. The appro-
priate surgical level of C3–C4 was confirmed with
intraoperative fluoroscopic imaging.
The microdissection portion of the case was performed
under operative microscopy. A 15 blade was used to incise
the disc space, and the disc material was removed using pi-
tuitary forceps. The superior C4 and inferior C3 cartilagin-
ous endplates were removed with straight and upgoing
curettes. A high-speed pneumatic drill was used to drill
down the uncovertebral joints and posterior osteophyte.
Kerrison punches assisted in decompression of the dura
and complete removal of the posterior osteophyte. Explor-
ation with a blunt nerve hook confirmed foraminal decom-
pression bilaterally.
A VG2 size 6 lordotic allograft was malleted into the C3–
C4 disc space. A size 14 skyline plate was positioned and
drilled into place with four 14-mm screws, which were
locked and tightened to the manufacturer’s specifications.
Cam locks were used to confirm proper placement,
Fig. 3 Preoperative flexion (a) and extension (b) films reveal hypermobility at C3–C4. There is also evidence of 2-mm retrolisthesis at C5–6
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The surgical field was then irrigated with bacitracin-laden
solution, and a Hemovac drain was positioned and secured
in place with nylon suture. Platysmal and dermal closure
was achieved with interrupted 3-0 vicryl sutures, and the
epidermis was closed with a 4-0 subcuticular monocryl. An
Aspen collar was positioned for cervical immobilization,
and the patient was extubated and transferred to the PACU
in stable condition. Postoperatively, the patient was main-
tained in a hard collar for 6 weeks and experienced
resolution of her symptoms with improvement in neuro-
logical exam. At 4 months follow-up, the patient reportedFig. 4 Intraoperative fluoroscopic lateral view of the cervical spine demons
at this levelresolution of all neck pain both without movement and
with neck rotation. In addition, she reported resolution of
the left upper extremity paresthesias and weakness. On
examination, she was neurologically intact. Follow-up
flexion and extension imaging displayed minimal move-
ment at C5/6, and the patient remains asymptomatic.
Discussion
Klippel-Feil syndrome (KFS) is a complex congenital dis-
order of improper fusion of at least two cervical verte-
brae. The classical clinical triad of KFS, although found
in 50 % or less of patients [4, 15], is comprised of a shorttrates an anterior spinal fusion of C3–C4 with intervertebral disc spacer
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vical motion. Since its first description in 1912 [4], a
wide range of skeletal and extra-skeletal manifestations
have been reported in association with KFS, including
scoliosis, cardiac abnormalities, hearing problems, split
cervical cord, and Sprengel’s deformity, among others
[4, 8, 16–19]. The incidence of KFS has been estimated
to be anywhere from 1 in 40,000 to 50,000 live births
[4, 20], with some studies suggesting a slight female
predominance [13, 18, 21, 22]. While a number of
genes have been described in association with KFS, the
exact etiology remains unknown [20, 23].
The clinical presentations of KFS are diverse, ranging
from asymptomatic [24] to signs of serious injury, such
as long tract signs, sensory abnormalities, cavus feet,
asymmetric reflexes, sensory abnormalities, altered cere-
bellar function, and pain [13]. In a study by Gray et al.,
65 % of patients developed clinical symptoms before the
age of 30 years old, while 20 % became symptomatic be-
fore the age of 5 [25]. Despite these findings, there have
been reports of patients remaining asymptomatic for up
to 40 years [24]. In a retrospective radiographic and clin-
ical review by Samartzis et al., 33 % of patients displayed
cervical-spine-related symptoms while 13.3 % were
myelopathic. Interestingly, no statistical significance was
noted between the presence of symptoms and cervical
scoliosis or coronal cervical alignment [1]. A similar
radiographic and clinical review by Guille et al. found
that, among 22 KFS patients, myelopathic and radiculo-
pathic symptoms developed at a mean age of 17.9 years,
with the onset of cervical-spine-related symptoms occur-
ring earlier in myelopathic patients (10.0 years old).
Among this group, 72.7 % were noted as having cervical
disc protrusions [22].
Since the original radiographic classification of KFS by
Feil in 1919 [3], a wide range of radiographic findings
have been reported, such as narrowing of the spinal
cord, widening of the spinal canal, osteophyte or disc
protrusion, ligamentum hypertrophy, spinal stenosis,
subluxation, and spondylolisthesis [13, 14, 26]. The most
common fused cervical levels in KFS are C2–C3
(71.0 %) followed by C5–C6 (67.7 %), C6–C7 (67.6 %),
and C3–C4 (29.0 %), with the mean number of total
fused segments ranging from 3.5 to 3.7 [1, 21]. Ulmer
et al. also reported a 15.8 % incidence of disc herniation
in adult KFS patients [15], while cervical stenosis has
been found in approximately 25 %, at both fused and
nonfused levels [10].
In 1995, Guille et al. reviewed the radiographic find-
ings of 24 KFS patients at least 25 years or older and di-
vided them into three groups based on his findings.
Type I (54.5 %) consisted of a single congenitally fused
cervical segment; type II (18.2 %) multiple noncontigu-
ous, congenitally fused segments; and type III (27.3 %)multiple contiguous, congenitally fused cervical seg-
ments [22]. Other authors have utilized a similar classifi-
cation scheme to evaluate the pediatric population, with
the following findings: type I (25 %), type II (50 %), and
type III (25 %). Axial neck symptoms are more often as-
sociated with type I fusions, while myelopathic and ra-
dicular symptoms are reportedly associated with Type II
and Type III fusions [21].
MRI is the imaging modality of choice for evaluation
of spinal cord abnormalities and is particularly useful for
early diagnosis of KFS. MRI allows for assessment of soft
tissue and provides contrast between the spinal cord and
its surrounding structures. It may also reveal other spinal
abnormalities such as Chiari I malformation, syringomye-
lia, myelomalacia, and diastematomyelia [15, 27]. In a
report by Nguyen and Tyrrel, 53.8 % of patients displayed
a wasp-waist sign on MRI, serving as a valuable sign for
diagnosis [28]. In rare cases where MRI is contraindicated,
CT myelography may be utilized. CT scan, on the other
hand, provides optimal imaging of complex bony abnor-
malities, spinal instrumentation, and can be useful in sur-
gical planning [27]. Other advanced imaging modalities,
such as diffusion tensor imaging and fiber tracking, have
been utilized in the experimental setting [29, 30].
Several authors have proposed theories behind the
development of hypermobility, degenerative changes,
spinal stenosis, spondylolisthesis, and neurologic injury
in KFS patients, most often attributed to altered spinal
biomechanics as a result of improper vertebral fusion.
When compared to the control population, Pizzutillo
et al. found the KFS patients exhibited increased motion
across each open interspace in the upper cervical spine,
predisposing one to increased spinal degeneration and
neurologic injury [13]. In accordance with this biomech-
anical explanation, three particularly unstable fusion pat-
terns have been described, including the following:
fusion of C2–C3 with occipitalization of the atlas, a long
fusion with an abnormal occipitocervical junction, and a
single open space between two fused segments [4]. The
patient presented in this case possesses an unstable
combination of the aforementioned fusion patterns, in-
cluding an abnormal occipitocervical junction with fu-
sion of C2–C3, and a long fusion in addition to other
cervical and upper thoracic abnormalities. Flexion and
extension films were crucial for a thorough evaluation of
the cervical spine in this case, revealing hypermobility at
C3–C4. The patient’s symptoms resolved following sur-
gery with evidence of an asymptomatic mild hypermobil-
ity at C5/6 with 3 mm of retrolisthesis on flexion and
extension imaging.
Treatment approaches and timing of surgical interven-
tion for KFS has been debated in the literature. The role
of prophylactic surgery for spinal stabilization remains
controversial and, as some authors claim, is not indicated
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In most cases, KFS patients can be treated symptomatic-
ally. A study by Theiss et al. found that 22 % of patients
with congenital scoliosis and KFS developed cervical or
cervical-related symptoms, with only two of those patients
requiring surgery [31]. The conservative treatment of radi-
culopathy should be aggressive, reserving surgery for pa-
tients with refractory radiculopathy and/or myelopathy.
Surgeons should be aware of individual patient charac-
teristics that may predispose to future neurological in-
jury, such as a type II or type III fusion. Additionally, the
risk of developing neuropathy is higher in patients with
congenital cervical fusion and underlying congenital cer-
vical stenosis [32], as noted by Theiss et al. who found a
significantly greater incidence of upper extremity pain in
these patients [31]. Early identification of KFS is neces-
sary to minimize the risk for injury during routine daily
activities or operative intervention. In cases of myelop-
athy, surgical intervention is required to potentially im-
prove neurologic function and avoid further neurologic
compromise.
Many factors must be taken into consideration when
choosing a particular surgical approach including age,
comorbidities, ventral vs. dorsal compression, disease
focality, surgeon experience, and presence of axial pain
or radiculopathy. Generally speaking, an adequate de-
compression of the nerve roots and spinal cord can be
achieved in most cases of cervical spondylitic myelopathy
using an anterior approach, with multiple discectomies be-
ing favored over corpectomy or discectomy-corpectomy
hybrid approaches for multilevel disease [33]. Cervical cor-
pectomy or laminectomy may be required for adequate
decompression with extension of disease posteriorly. Dis-
cussion of specific surgical techniques for management of
symptomatic KFS patients has primarily been limited to
case reports [14, 32, 34–38]. In this particular case, an
anterior cervical discectomy and fusion (ACDF) was
chosen for treatment of single-level disease, as imaging
demonstrated anterolisthesis and narrowing of the
spinal canal at the level of the C3–C4 with a bulging
disc. It was felt that an anterior approach would allow
for adequate decompression and fusion, bearing in
mind the potential for future failed arthroplasty due to
abnormal congenital fusion [38].
Conclusions
Klippel-Feil syndrome (KFS) is a rare and heterogeneous
condition with varying clinical manifestations. Individual
patient factors should be taken into consideration when
choosing a treatment approach for KFS. Various imaging
modalities, including MRI, CT, and flexion/extension
films of the cervical spine, are necessary for evaluation
of cervical instability and extent of congenital deformity.
In this particular case, a single-level ACDF was performedwith success for treatment of cervical myelopathy and
radiculopathy in the presence of multiple underlying con-
genital abnormalities.
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